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Clinical PerspectiveWhat Is New?This study examined whether shorter driving distances to fire stations was associated with improved survival following first responder defibrillation of out‐of‐hospital cardiac arrests where firefighters function as first responders.The study included 5020 out‐of‐hospital cardiac arrests, and first responder defibrillation within 1 mile and 1 to 1.5 miles of nearest fire station was associated with increased survival (odds ratio 2.01 and odds ratio 1.61, respectively) when compared with emergency medical services defibrillation.At longer distances, survival following first responder defibrillation did not differ from emergency medical services defibrillation.What Are the Clinical Implications?The importance of the location of first responder units and optimal travel distance in order to provide effective early defibrillation should be considered when organizing prehospital systems of out‐of‐hospital cardiac arrest care.Future studies should examine how first responder initiatives could be combined with placement of publicly available onsite automated external defibrillators to optimize early defibrillation in different locations of out‐of‐hospital cardiac arrest.

 {#jah33632-sec-0008}

Defibrillation of out‐of‐hospital cardiac arrest (OHCA) patients by automated external defibrillators (AEDs) before the arrival of an ambulance has the potential to increase survival for those with shockable rhythms to 74%.[1](#jah33632-bib-0001){ref-type="ref"}, [2](#jah33632-bib-0002){ref-type="ref"}, [3](#jah33632-bib-0003){ref-type="ref"} However, the high survival rates following early defibrillation are highly dependent on early defibrillation within 3 to 5 minutes after OHCA.[3](#jah33632-bib-0003){ref-type="ref"} Furthermore, the longer the delay before the application of a defibrillator, the higher the risk that an initial shockable rhythm has deteriorated to a nonshockable rhythm, limiting the potential benefit of defibrillators and decreasing the chances of survival.[4](#jah33632-bib-0004){ref-type="ref"}, [5](#jah33632-bib-0005){ref-type="ref"}, [6](#jah33632-bib-0006){ref-type="ref"} First responders who travel to an OHCA site equipped with AEDs have the potential to provide AED coverage in areas not easily covered by onsite AEDs, including residential locations.[7](#jah33632-bib-0007){ref-type="ref"}, [8](#jah33632-bib-0008){ref-type="ref"} Implementation of first responders as a supplement to resuscitation performed by layperson bystanders and emergency medical services (EMS) personnel has been associated with improvements in early defibrillation, cardiopulmonary resuscitation (CPR), and survival following OHCA.[7](#jah33632-bib-0007){ref-type="ref"}, [9](#jah33632-bib-0009){ref-type="ref"}, [10](#jah33632-bib-0010){ref-type="ref"}, [11](#jah33632-bib-0011){ref-type="ref"} However, limited knowledge is available about the relationship between distance from the OHCA location to the first responder location (fire stations), including how this distance may influence outcomes. Understanding this relationship is important for communities attempting to implement first responder programs, as recommended by the Institute of Medicine.[12](#jah33632-bib-0012){ref-type="ref"}

In North Carolina, firefighter first responders have been integrated in the emergency care system available for dispatch in parallel with the EMS in the event of medical emergencies, including OHCAs.[9](#jah33632-bib-0009){ref-type="ref"}, [13](#jah33632-bib-0013){ref-type="ref"} In nearly all cases, the firefighters are dispatched from their home fire station. In this study, we examined the association between driving distance from the nearest fire station to the OHCA site and survival and favorable neurological outcome following first responder defibrillation.

Methods {#jah33632-sec-0009}
=======

Study Design, Setting, and OHCAs {#jah33632-sec-0010}
--------------------------------

Using the CARES (Cardiac Arrest Registry to Enhance Survival) registry, we included OHCAs from 2010 to 2014 from Durham, Mecklenburg, and Wake counties in North Carolina, United States. Each of the 3 counties have a major city (Durham, Charlotte, and Raleigh, respectively) as well as suburban and rural areas. In 2014, the 3 counties had a total population of 2 203 435 inhabitants covering 22.6% of the population in North Carolina.[14](#jah33632-bib-0014){ref-type="ref"}

The CARES registry has been described previously.[15](#jah33632-bib-0015){ref-type="ref"}, [16](#jah33632-bib-0016){ref-type="ref"} In summary, the CARES registry contains OHCA information collected from the 911 call centers, EMS, and receiving hospital. Overall, the registry includes exact geographic locations of 97% of the OHCAs.[9](#jah33632-bib-0009){ref-type="ref"} For this study the following information was included: age, sex, who were the first to apply an AED and potentially defibrillate the patient, who initiated CPR, initial cardiac rhythm, location of OHCA, witnessed or unwitnessed status, status at hospital arrival, time to defibrillation, EMS and first responder response times, and hospital data (survival to hospital discharge and Cerebral Performance Score at hospital discharge). For all 3 study counties, a complete case capture was available during the study period.[9](#jah33632-bib-0009){ref-type="ref"} This project was conducted under the approval of the Duke Institutional Review Board, with a waiver for informed patient consent.

The data used in this study will not be made publicly available to other researchers for purposes of reproducing the results or replicating the procedure. The CARES surveillance group needs to accept any use of the study data.

Fire Stations {#jah33632-sec-0011}
-------------

Information on the location of each fire station with firefighter first responders in Durham, Wake, and Mecklenburg was collected from online publicly available databases and reviewed in collaboration with fire department administrators. Fire stations not operational in the study period were excluded. Fire stations that became operational or were closed during the study period were only considered for the time they were operational. Furthermore, only fire stations staffed with firefighters 24 hours per day and 7 days per week were considered in this study (Table [S1](#jah33632-sup-0001){ref-type="supplementary-material"}).

Socioeconomic Characteristics in Different Locations {#jah33632-sec-0012}
----------------------------------------------------

North Carolina census tract information from the Census 2010 and the American Community Survey 2010--2014 was collected for each cardiac arrest in the CARES data set including rate of unemployment, the poverty rate, and racial distributions to evaluate the neighborhood characteristics for each OHCA.[17](#jah33632-bib-0017){ref-type="ref"}

EMS and First Responders {#jah33632-sec-0013}
------------------------

For the CARES registry, EMS personnel are defined as personnel who respond to medical emergencies as an official capacity (eg, respond to 911 calls) as part of an organized medical response team and who is the designated transporter of the involved patient to the receiving hospital. In the study areas, EMS is provided by independent EMS agencies that are unrelated to the fire department stations. EMS units are often dispatched while mobile or utilizing flexible deployment strategies. CARES does not record the ambulance location at the time of dispatch. First responders are personnel who are called to the emergency scene by emergency medical dispatch centers as an organized team, but who are not the designated transporter of the involved patient to the receiving hospital.[9](#jah33632-bib-0009){ref-type="ref"}, [18](#jah33632-bib-0018){ref-type="ref"} The EMS ambulance response units are usually distributed to different locations on county road networks to ensure a low average response time. During the study period, the firefighter first responders in Durham County responded from a fire station in 96% of all dispatches. This average included 94% of dispatches during daytime and 98% of dispatches during nighttime (Durham County Fire Department, unpublished data, 2016).

Outcomes {#jah33632-sec-0014}
--------

The primary outcome measure was survival to hospital discharge. The secondary outcome was survival with a favorable neurological outcome defined as cerebral performance category 1 or 2 at hospital discharge. Category 1 represented full recovery or mild disability and 2 represented moderate disability but ability to function independently in activities of daily living.[19](#jah33632-bib-0019){ref-type="ref"}

Statistics {#jah33632-sec-0015}
----------

Categorical variables were presented as counts and percentages, and continuous variables as medians with first and third quartiles (Q1--Q3). To test for differences between discrete categorical variables, a χ^2^ test was used. For comparison of medians, we used the Kruskal--Wallis rank‐sum test.

For each OHCA in the 3 study counties, the driving distance in miles from the nearest fire station to each OHCA was calculated using the Esri business analyst road network in the ArcGis 10.4.1 Network Analyst extension.[20](#jah33632-bib-0020){ref-type="ref"} Figure [S1](#jah33632-sup-0001){ref-type="supplementary-material"} is an example for Durham County using randomly generated points. The calculated driving distances were divided in 4 groups with cut values at 1, 1.5, and 2 miles. These cut values were selected based on 25th, median, and 75th driving distance percentiles (0.98, 1.46, and 2.12 miles, respectively), and involved distances that were applicable to public policy deliberations. Using logistic regression, the associations between the different driving distances and survival to hospital discharge and a good cerebral performance outcome were estimated. Both crude and adjusted analyses were conducted. The adjusted analysis included age, sex, witnessed arrest status, OHCA location (public or residential), layperson CPR, year of arrest, and neighborhood characteristics (unemployment rate, percentage of white race, or other races, and poverty percentage). Odds ratios with EMS defibrillation as reference were calculated and presented using Forest plots. To evaluate the association between driving distance from the OHCA site location from nearest fire station and outcomes, restricted cubic splines (knots at 1, 1.5, and 2 miles) were used to model the outcome in a logistic regression with driving distance as a continuous variable. Figure [S2](#jah33632-sup-0001){ref-type="supplementary-material"} is an additional model with spline knots at 10th, median, and 90th percentiles. Trends in survival and favorable neurological outcome at discharge according to driving distances were tested using univariate logistic regression.

We performed a sensitivity analysis where EMS response time was added to the adjusted logistic regression model using multiple imputation with 100 imputed data sets.[21](#jah33632-bib-0021){ref-type="ref"}

Data management and analyses were performed using SAS 9.4 (SAS Institute Inc) and R.[22](#jah33632-bib-0022){ref-type="ref"}

Results {#jah33632-sec-0016}
=======

In total, we included 5020 OHCAs as the study population (Figure [1](#jah33632-fig-0001){ref-type="fig"}). [Table](#jah33632-tbl-0001){ref-type="table"} shows baseline characteristics according to different driving distances from the nearest fire station to the OHCA site. No differences in age and sex at different distances were observed. Most OHCA patients were male (61.4%). Areas with the shortest distances to OHCAs from fire stations had a higher percentage of poverty and unemployment compared with those with the longest driving distances. Regarding racial distributions, longer distances were associated with higher percentage of whites. At shortest distances from fire stations, OHCAs were more likely to occur in a public location (31.7%) compared with OHCAs at the longest distances (17.9%).

![Flowchart showing the out‐of‐hospital cardiac arrest study population. EMS indicates emergency medical service; OHCA, out‐of‐hospital cardiac arrest.](JAH3-7-e008771-g001){#jah33632-fig-0001}

###### 

Out‐of‐Hospital Cardiac Arrest Characteristics According to Different Distances From Nearest Fire Station

  Variable                                                                     ≤1 mile               1 to 1.5 miles        1.5 to 2 miles        \>2 miles             Total                 *P* Value
  ---------------------------------------------------------------------------- --------------------- --------------------- --------------------- --------------------- --------------------- -----------
  Count, n                                                                     1324                  1262                  1009                  1425                  5020                  
  Age, median \[Q1--Q3\] (y)                                                   65.0 \[53.8, 77.0\]   66.0 \[54.0, 78.0\]   66.0 \[54.0, 78.0\]   65.0 \[54.0, 76.0\]   65.0 \[54.0, 77.0\]   0.65
  Sex, male                                                                    795 (60.0)            759 (60.1)            621 (61.5)            908 (63.7)            3083 (61.4)           0.16
  Percent white in local neighborhood, median \[Q1--Q3\] (%)                   43.8 \[20.4, 73.9\]   46.2 \[16.5, 70.8\]   49.2 \[20.5, 72.3\]   56.4 \[29.8, 75.5\]   49.4 \[20.6, 73.7\]   \<0.001
  Percent black in local neighborhood, median \[Q1--Q3\] (%)                   33.7 \[12.4, 53.9\]   30.5 \[13.2, 55.6\]   26.9 \[12.4, 51.2\]   25.3 \[10.0, 42.8\]   28.1 \[12.2, 50.9\]   \<0.001
  Percent of people in poverty, median \[Q1--Q3\] (%)                          15.9 \[8.4, 28.6\]    18.3 \[7.3, 25.8\]    14.0 \[7.2, 23.5\]    10.0 \[5.1, 18.8\]    14.3 \[6.9, 23.6\]    \<0.001
  Percent unemployment, median \[Q1--Q3\] (%)                                  9.1 \[6.3, 15.1\]     9.2 \[5.3, 14.4\]     9.3 \[5.4, 13.7\]     8.2 \[5.9, 12.2\]     8.9 \[5.8, 13.7\]     \<0.001
  Rural area, population cluster of \<2500, N (%)                              17 (1.3)              18 (1.4)              28 (2.8)              136 (9.5)             199 (4.0)             
  Urban cluster, population cluster of 2500 to 50 000, N (%)                   22 (1.7)              10 (0.8)              5 (0.5)               12 (0.8)              49 (1.0)              
  Urbanized area, population cluster of \>50 000, N (%)                        1285 (97.1)           1234 (97.8)           976 (96.7)            1277 (89.6)           4772 (95.1)           \<0.001
  Who defibrillated first                                                                                                                                                                    
  Not defibrillated                                                            894 (67.5)            879 (69.7)            676 (67.0)            929 (65.2)            3378 (67.3)           
  LP                                                                           34 (2.6)              48 (3.8)              29 (2.9)              30 (2.1)              141 (2.8)             
  FR                                                                           237 (17.9)            163 (12.9)            153 (15.2)            223 (15.6)            776 (15.5)            
  EMS                                                                          159 (12.0)            172 (13.6)            151 (15.0)            243 (17.1)            725 (14.4)            \<0.001
  Who applied an AED first                                                                                                                                                                   
  EMS                                                                          541 (41.0)            568 (45.1)            472 (47.0)            709 (49.9)            2290 (45.7)           
  FR                                                                           705 (53.4)            576 (45.7)            480 (47.8)            662 (46.6)            2423 (48.4)           
  LP                                                                           74 (5.6)              116 (9.2)             53 (5.3)              50 (3.5)              293 (5.9)             \<0.001
  Missing                                                                      4                     2                     4                     4                     14                    
  Who initiated CPR first                                                                                                                                                                    
  EMS                                                                          155 (12.0)            141 (11.4)            129 (13.1)            197 (14.0)            622 (12.7)            
  FR                                                                           581 (45.1)            466 (37.6)            413 (42.1)            527 (37.5)            1987 (40.4)           
  LP                                                                           553 (42.9)            633 (51.0)            439 (44.8)            681 (48.5)            2306 (46.9)           \<0.001
  Missing                                                                      35                    22                    28                    20                    105                   
  Layperson CPR                                                                                                                                                                              
  No                                                                           771 (58.2)            629 (49.8)            570 (56.5)            744 (52.2)            2714 (54.1)           
  Yes                                                                          553 (41.8)            633 (50.2)            439 (43.5)            681 (47.8)            2306 (45.9)           \<0.001
  Witnessed status                                                                                                                                                                           
  Unwitnessed                                                                  780 (58.9)            750 (59.4)            589 (58.4)            763 (53.5)            2882 (57.4)           
  Witnessed                                                                    544 (41.1)            512 (40.6)            420 (41.6)            662 (46.5)            2138 (42.6)           0.005
  Survival until discharge                                                                                                                                                                   
  Yes                                                                          176 (13.3)            132 (10.5)            91 (9.0)              152 (10.7)            551 (11.0)            
  No                                                                           1148 (86.7)           1130 (89.5)           918 (91.0)            1273 (89.3)           4469 (89.0)           0.008
  Status at ED arrival                                                                                                                                                                       
  No pulse at ED arrival                                                       901 (68.1)            877 (69.5)            706 (70.0)            986 (69.2)            3470 (69.1)           
  Pulse at ED arrival                                                          423 (31.9)            385 (30.5)            303 (30.0)            439 (30.8)            1550 (30.9)           0.77
  Neurologic status at discharge                                                                                                                                                             
  Favorable neurological outcome                                               158 (11.9)            118 (9.4)             74 (7.3)              133 (9.3)             483 (9.6)             0.002
  Location                                                                                                                                                                                   
  Residential                                                                  904 (68.3)            904 (71.6)            834 (82.7)            1170 (82.1)           3812 (75.9)           
  Public                                                                       420 (31.7)            358 (28.4)            175 (17.3)            255 (17.9)            1208 (24.1)           \<0.001
  First rhythm                                                                                                                                                                               
  Nonshockable                                                                 1023 (77.3)           1013 (80.3)           793 (78.6)            1079 (75.7)           3908 (77.8)           
  Shockable                                                                    301 (22.7)            249 (19.7)            216 (21.4)            346 (24.3)            1112 (22.2)           0.03
  EMS response time                                                                                                                                                                          
  Median \[Q1--Q3\] (min)                                                      6.8 \[5.2, 8.9\]      7.2 \[5.6, 9.1\]      7.8 \[6.2, 9.6\]      8.3 \[6.8, 10.4\]     7.6 \[5.9, 9.5\]      0.07
  Missing values                                                               91                    99                    100                   127                   417                   
  First responders response time                                                                                                                                                             
  Median \[Q1--Q3\] (min)                                                      5.0 \[4.0, 6.8\]      5.7 \[4.5, 7.2\]      6.5 \[5.1, 8.2\]      7.6 \[6.2, 9.3\]      6.2 \[4.8, 8.0\]      0.006
  Missing values                                                               798                   781                   575                   952                   3106                  
  Time to defibrillation[a](#jah33632-note-0003){ref-type="fn"}                                                                                                                              
  Median \[Q1--Q3\] (min)                                                      9.2 \[6.2, 16.4\]     11.0 \[7.1, 19.9\]    11.6 \[8.0, 20.7\]    11.7 \[8.5, 18.2\]    10.9 \[7.5, 18.6\]    0.72
  Missing values                                                               99                    72                    70                    142                   383                   
  Delay between EMS and first responder dispatch                                                                                                                                             
  Median \[Q1--Q3\] (min)                                                      0.0 \[0.0, 0.0\]      0.0 \[0.0, 0.0\]      0.0 \[0.0, 0.0\]      0.0 \[0.0, 0.0\]      0.0 \[0.0, 0.0\]      0.47
  Missing values                                                               804                   780                   569                   958                   3111                  
  First responder first arrivals                                                                                                                                                             
  No                                                                           151 (28.8)            154 (32.0)            126 (29.1)            188 (39.7)            619 (32.4)            
  Yes                                                                          374 (71.2)            327 (68.0)            307 (70.9)            285 (60.3)            1293 (67.6)           \<0.001
  Missing values                                                               799                   781                   576                   952                   3108                  
  Patients defibrillated within 5 min[a](#jah33632-note-0003){ref-type="fn"}                                                                                                                 
  No                                                                           286 (86.4)            282 (90.7)            245 (93.2)            327 (92.4)            1140 (90.5)           
  Yes                                                                          45 (13.6)             29 (9.3)              18 (6.8)              27 (7.6)              119 (9.5)             0.02
  Missing values                                                               99                    72                    70                    142                   383                   

All results are reported as the number of patients (%) unless otherwise specified. AED indicates automated external defibrillator; CPR, cardiopulmonary resuscitation; ED, emergency department; EMS, emergency medical services; FR, first responder; LP, layperson.

Only patients who were defibrillated (n=1642).

John Wiley & Sons, Ltd

For OHCAs within the shortest distances (≤1 mile) to the nearest fire station, first responders more often applied the first AED than at the longest distances (\>2 miles) (53.4% versus 46.6%, respectively, *P*\<0.001). At the longest distances, EMS more often applied the first AED (49.9% at longest distances versus 41.0% at shortest distances). CPR performed by laypeople before the arrival of first responders or EMS was more likely at longer distances than shorter distances (*P*\<0.001). At shortest distances, first responders arrived before EMS in 71.2% of cases compared with 60.3% at the longest distances (*P*\<0.001).

We observed faster first responder response times at the shortest distances from fire stations compared with the longest distances (5 minutes \[Q1--Q3 4.0--6.8\] versus 7.6 minutes \[Q1--Q3 6.2--9.3\], *P*=0.006). Trends in EMS response time and time to defibrillation showed a shorter time at the shortest distances from fire stations compared with longest distances.

Overall, there was a limited delay between the dispatch of the first responder compared with EMS personnel.

Survival to Hospital Discharge and Favorable Neurological Outcome at Hospital Discharge {#jah33632-sec-0017}
---------------------------------------------------------------------------------------

Figure [2](#jah33632-fig-0002){ref-type="fig"}A shows the crude and adjusted association between first responder defibrillation at different distances to fire stations and survival to hospital discharge. In crude analysis, first responder defibrillation within 1 mile and 1 to 1.5 miles of nearest fire station was associated with an increased survival to hospital discharge following OHCA when compared with EMS defibrillation (odds ratio \[OR\] 2.01 \[95% confidence interval \[CI\] 1.46--2.78\] and OR 1.61 \[95% CI 1.10--2.35\], respectively). At the long distances (1.5--2.0 miles and \>2.0 miles), survival following first responder defibrillation did not differ from EMS defibrillation (OR 0.77 \[95% CI 0.48--1.21\] and OR 0.97 \[95% CI 0.67--1.41\], respectively). In adjusted analysis, first responder defibrillation remained associated with improved survival within 1 mile and 1 to 1.5 miles compared with EMS defibrillation (OR 1.84 \[95% CI 1.30--2.59\] and OR 1.52 \[95% CI 1.02--2.29\], respectively) while no difference between the 2 was observed at 1.5 to 2.0 miles and \>2.0 miles (OR 0.72 \[95% CI 0.44--1.16\] and OR 0.90 \[95% CI 0.61--1.33\], respectively).

![Survival and favorable neurological outcome according to distance to nearest fire station. Odds ratios of survival to discharge after out‐of‐hospital cardiac arrest for patients defibrillated by first responders within 1 mile, 1 to 1.5 miles, 1.5 to 2 miles, and \>2 miles, and patients not defibrillated compared with defibrillation by emergency medical services personnel (reference). **A**, Associations for survival to hospital discharge. **B**, Associations for a favorable neurological outcome for both unadjusted and adjusted logistic regression analyses. \*Adjusted for age, sex, layperson CPR, location of arrest, witnessed arrest status, year of arrest, and neighborhood characteristics (unemployment rate, poverty rate, and percentage of white or other races). CI indicates confidence interval; CPR, cardiopulmonary resuscitation; EMS, emergency medical services; OR, odds ratio.](JAH3-7-e008771-g002){#jah33632-fig-0002}

A sensitivity analysis, with imputed EMS response times, showed similar results. Compared with EMS defibrillation, first responder defibrillation was associated with improved survival within 1 mile and 1 to 1.5 miles (OR 1.97 \[95% CI 1.39--2.78\] and OR 1.71 \[95% CI 1.13--2.58\], respectively) with no difference at 1.5 to 2.0 miles and \>2.0 miles (OR 0.82 \[95% CI 0.50--1.35\] and OR 1.07 \[95% CI 0.71--1.61\], respectively) (Figure [S3](#jah33632-sup-0001){ref-type="supplementary-material"}).

Likewise, for patients with a witnessed arrest and a shockable rhythm, survival following first responder defibrillation (n=398) was higher within 1 mile and 1 to 1.5 miles compared with EMS defibrillation (n=327) (OR 1.98 \[95% CI 1.28--3.08\] and OR 1.72 \[95% CI 1.03--2.87\], respectively) while no difference was observed at 1.5 to 2.0 miles and \>2.0 miles (OR 0.66 \[95% CI 0.37--1.17\] and OR 0.99 \[95% CI 0.62--1.56\], respectively) (Figure [S4](#jah33632-sup-0001){ref-type="supplementary-material"}).

For survival with a favorable neurological outcome, first responder defibrillation was associated with a favorable outcome compared with EMS defibrillation within 1 mile (OR 1.82 \[95% CI 1.28--2.60\]) and 1 to 1.5 miles (OR 1.63 \[95% CI 1.07--2.48\]) of the nearest fire station in adjusted analysis (Figure [2](#jah33632-fig-0002){ref-type="fig"}B).

Figure [3](#jah33632-fig-0003){ref-type="fig"}A shows survival to hospital discharge following first responder or EMS defibrillation according to different driving distances from nearest fire station. Survival following first responder defibrillation was significantly higher at shorter distances than longer distances (*P*=0.001), while survival following EMS defibrillation did not differ according to different driving distances (*P*=0.58). The results for survival with a favorable neurological outcome showed a similar pattern as survival at hospital discharge (Figure [3](#jah33632-fig-0003){ref-type="fig"}B).

![Survival to hospital discharge and favorable neurological outcome following first responder or EMS defibrillation at different driving distances from fire stations to OHCA sites. **A**, Survival to hospital discharge following first responder defibrillation (n=776) or EMS defibrillation (n=725) at different driving distances from nearest fire station. **B**, Survival with a favorable neurological outcome following first responder defibrillation (n=776) or EMS defibrillation (n=725) at different driving distances from nearest fire station. Logistic regression with restricted cubic splines (knots at 1, 1.5, and 2 miles) was used to make the models. EMS, emergency medical services; OHCA, out‐of‐hospital cardiac arrest.](JAH3-7-e008771-g003){#jah33632-fig-0003}

Figure [4](#jah33632-fig-0004){ref-type="fig"} shows survival to hospital discharge at different driving distances from fire stations for all OHCAs in the study population. Overall survival was higher at shortest distances compared with the longest distances (*P*=0.04). There was a trend for greater survival with favorable neurological outcome at shorter driving distances for all OHCA patients (*P*=0.06) (Figure [S5](#jah33632-sup-0001){ref-type="supplementary-material"}).

![Overall out‐of‐hospital cardiac arrest survival to hospital discharge at different driving distances from fire stations to OHCA sites. Overall survival for all OHCA patients (n=5020) to hospital discharge according to driving distance from nearest fire station to the OHCA site. Logistic regression with restricted cubic splines (knots at 1, 1.5, and 2 miles) was used to make the model. OHCA indicates out‐of‐hospital cardiac arrest.](JAH3-7-e008771-g004){#jah33632-fig-0004}

Discussion {#jah33632-sec-0018}
==========

This study showed that OHCA patients within close proximity to fire stations were more likely to be defibrillated by first responders than EMS personnel. Compared with defibrillation by EMS personnel, survival was higher when performed by first responders within a distance of 1.5 miles of the nearest fire station. However, survival following first responder defibrillation did not differ from EMS defibrillation at distances \>1.5 miles to fire stations. Furthermore, overall OHCA survival to hospital discharge was higher within shorter distance to an OHCA site from a nearest fire station.

In North Carolina, firefighters function as first responders dispatched to medical emergencies in addition to responding to fire emergencies, doing inspections, and providing education of citizens in local communities. First responder programs have previously included different types of first responders including laypeople, police officers, firefighters, home care providers, and any combination thereof.[7](#jah33632-bib-0007){ref-type="ref"}, [10](#jah33632-bib-0010){ref-type="ref"}, [11](#jah33632-bib-0011){ref-type="ref"}, [12](#jah33632-bib-0012){ref-type="ref"}, [23](#jah33632-bib-0023){ref-type="ref"} While the use of different first responders for rapid defibrillation has been well described, it is less clear how distance between the OHCA site and a first responder unit may relate to outcomes. In the present study, survival and a favorable neurological outcome following first responder defibrillation were higher within ≈1.5 miles driving distance between the OHCA site and the nearest fire station compared with EMS defibrillation.

In many first responder programs, the first responders are only dispatched in the event of an OHCA.[7](#jah33632-bib-0007){ref-type="ref"}, [10](#jah33632-bib-0010){ref-type="ref"}, [24](#jah33632-bib-0024){ref-type="ref"}, [25](#jah33632-bib-0025){ref-type="ref"}, [26](#jah33632-bib-0026){ref-type="ref"}, [27](#jah33632-bib-0027){ref-type="ref"} Identifying a medical emergency as an OHCA instead of another condition (eg, seizure) can cause a delay before dispatch of first responders who are only dispatched to OHCA events and not other medical emergencies.[24](#jah33632-bib-0024){ref-type="ref"}, [26](#jah33632-bib-0026){ref-type="ref"}, [27](#jah33632-bib-0027){ref-type="ref"}, [28](#jah33632-bib-0028){ref-type="ref"}, [29](#jah33632-bib-0029){ref-type="ref"} Such delays may potentially reduce the effectiveness of first responders and can be difficult to shorten without increasing the risk of dispatching the first responders to non‐OHCA situations.[30](#jah33632-bib-0030){ref-type="ref"} In the present study, a dispatch delay between first responders and EMS personnel was not observed. This could be explained by the fact that the firefighter first responders in North Carolina are dispatched to many medical emergencies (not only OHCAs) to assist and treat the patient before the arrival of EMS, limiting the problem with identifying OHCA cases at dispatch centers. Similarly, rates of first responder arrivals before EMS were high compared with other studies, especially at the shortest distances from fire stations (71.2%).[24](#jah33632-bib-0024){ref-type="ref"}, [27](#jah33632-bib-0027){ref-type="ref"} The principle of dispatching firefighter first responders to many medical emergencies could explain some of the efficacy of the firefighter first responders in North Carolina and could be considered when organizing prehospital systems of OHCA care.[9](#jah33632-bib-0009){ref-type="ref"}

All firefighters in North Carolina are educated to perform basic life support and to provide basic treatment in the event of medical emergencies, which is likely to decrease the time before an AED is applied and shock is delivered.[31](#jah33632-bib-0031){ref-type="ref"}, [32](#jah33632-bib-0032){ref-type="ref"} Finally, the firefighter first responders are available 24 hours a day to respond promptly to fire and medical emergencies and have the option to use a siren when driving, potentially bypassing traffic.

In the present study, EMS were more likely to be the first to defibrillate the patient at longer driving distances than at shorter distances. However, at distances \>2 miles first responders were still the first to defibrillate the OHCA patient in almost half of cases. Furthermore, survival following first responder defibrillation at distances \>2 miles was comparable to survival following EMS defibrillation. Consequently, our results demonstrate that first responders can still help provide early defibrillation at longer distances, especially in areas with long EMS response times.

Most OHCAs occur in residential locations where survival rates following OHCA are lower than at public locations.[33](#jah33632-bib-0033){ref-type="ref"} Other first responder programs have shown that first responders were more likely to arrive before EMS in residential locations, potentially improving outcomes in such locations.[7](#jah33632-bib-0007){ref-type="ref"}, [26](#jah33632-bib-0026){ref-type="ref"} In our study, OHCAs that were closer to fire stations were more likely to be in public locations than at longer distances to the fire stations. Consequently, the placement of fire stations favored optimal response to OHCAs in public locations, potentially limiting the benefit of first responder defibrillation in residential locations.

Bystander CPR delays the time to when an initial shockable rhythm deteriorates to a nonshockable rhythm that makes defibrillation less likely.[5](#jah33632-bib-0005){ref-type="ref"}, [6](#jah33632-bib-0006){ref-type="ref"}, [34](#jah33632-bib-0034){ref-type="ref"} Thus, prompt initiation of CPR in the event of an OHCA is essential to improve the chance of and efficacy of early defibrillation. In this study, layperson CPR rates were lower for OHCAs within 1 mile of fire stations compared with OHCAs where the distance to the nearest fire station was \>1 mile. This could lower the chance of early defibrillation and survival following OHCA. However, our adjusted results did not change our conclusions from the unadjusted logistic regression results. When comparing the layperson CPR rates in the present study with other studies, additional improvements in bystander CPR might be achievable and offer a potential to further increase early defibrillation and improve survival following OHCA.[10](#jah33632-bib-0010){ref-type="ref"}, [35](#jah33632-bib-0035){ref-type="ref"}

Limitations {#jah33632-sec-0019}
-----------

Several limitations to our study should be considered when interpreting the results. Because of the observational design, associations do not mean causal relations. Furthermore, we cannot exclude residual confounding related to the different driving distances that might affect our results even though our adjusted analysis did not change our conclusions. However, if there was residual confounding, we might expect survival following EMS defibrillation to also differ based on distance from fire stations, which we did not observe.

Our study did not have information on where exactly the firefighters were when they were dispatched to the OHCA sites. However, data from Durham Fire Department showed that the firefighters in most cases (96%) responded from fire stations during the study period. If the location of the firefighter first responders was not at or in close proximity to the different fire stations when dispatched but instead on the road, that would have moved our results towards the null. Consequently, the true association of driving distances of first responders may well be stronger than found in this study.

We did not have information on police officer first responders during the study period. We consulted local EMS authorities, who confirmed that early defibrillation performed by police first responders was minimal during the study period. Again, if early defibrillation by police officers was indeed significant during the study period, that would move our results towards the null as the police officers usually are on the road and not related to fire station locations, similar to EMS personnel.

For this study, only fire stations staffed 24 hours per day and 7 days per week were considered. As such, our results do not necessarily apply to communities covered by volunteer fire departments where the fire stations are not consistently staffed. In such communities, the driving distance optimal ranges for the first responders are likely to be shorter.

Our study had a proportion of missing values on time estimates primarily because of response times being supplemental to the data collection in the CARES registry. An adjusted logistic regression sensitivity analysis with imputed EMS missing response times did not change our conclusions.

Conclusion {#jah33632-sec-0020}
==========

Compared with EMS defibrillation, driving distances from nearest fire station to an OHCA site shorter than 1.5 miles were associated with improved survival and a favorable neurological outcome following first responder defibrillation. Furthermore, overall survival following OHCA was higher within 1.5 miles of the nearest fire station. These results highlight the critical role of first responders, and their distances to scenes of cardiac arrests, in the United States. Locations of fire stations and first responder units should be considered when organizing prehospital systems of cardiac arrest care.
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**Table S1.** List of Fire Stations Staffed 24 Hours Per Day and 7 Days Per Week

**Figure S1.** Map of Durham county with fire stations, simulated out‐of‐hospital cardiac arrests (randomly generated points), and nearest driving distance routes.

**Figure S2.** Out‐of‐hospital cardiac arrest survival to hospital discharge at different driving distances from fire stations according to whether the patient was defibrillated by first responders or EMS.

**Figure S3.** Imputation analysis: Out‐of‐hospital cardiac arrest survival following first responder defibrillation at different driving distances from fire stations to OHCA sites compared with EMS defibrillation.

**Figure S4.** Out‐of‐hospital cardiac arrest survival following first responder defibrillation at different driving distances from fire stations to OHCA sites compared with EMS defibrillation for patients with witnessed arrest and a shockable heart rhythm.

**Figure S5.** Overall out‐of‐hospital cardiac arrest favorable neurological outcome at different driving distances from fire stations to OHCA sites.
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